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1. 
This invention relates to the propulsion of air 

craft by means of one or more blasts of gases 
delivered at high velocity from one or more 
nozzles, commonly known as jet propulsion, and 
has specific reference to an improved construc 
tion for the exhaust nozzle. 

In one type of jet propulsion system to which 
my invention may be applied, air is taken into 
a duct at free stream total pressure and passed 
through a compressor, working through a small 
pressure rise and driven by a suitable engine. 
The air is then expanded in a diffuser to convert 
as much of the dynamic pressure into static 
pressure as feasible. In this high pressure region. 
the waste heat and momentum of the engine 
exhaust gases are added. The resulting low 
density gas escapes to the rear through a nozzle 
suitable for converting its excess pressure into 
dynamic pressure. 
Ordinarily for cruising coriditions, it will not 

be necessary that additional fuel be burned in 
the high pressure region, only the thrust de 
veloped by the ducted engine and compressor 
being required. - 

However, under conditions requiring large 
values of thrust, such as in take-off, climb, and 
high speeds, additional fuel may be burned in 
the high pressure region. If the discharge area 
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of the exhaust nozzle is fixed, the mass flow in 
the jet decreases as the heat supply increases, 
the pressure drop out of the nozzle being con 
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stant, or the pressure drop required for constant 
mass flow increases as the fuel burned increases. 
If the jet is actuated by a low pressure blower, 
burning fuel in the jet can easily stall the 
blower attake-off, and, at higher airspeeds, will 
reduce the blower R. P. M., the mass flow and 
the power of the jet. 

It is, therefore, of major importance that such 
jet propulsion systems be provided with means 
for varying the area of the exhaust nozzle. 

It is therefore the principal object of this in 
Vention to provide an adjustable nozzle which is 
simple in construction, effective, and efficient. 
The outlet area of the nozzle may be adjusted 
to the proper size for operating conditions when 
no extra fuel is burned in the high pressure region 
such as during cruising as well as for conditions 
of Operation when additional fuel is burned in 
the high pressure region such as is required dur 
ing take-off, climb and high speed when addi 
tional thrust is desired. 
Other objects will become apparent from the 

following detailed description and from the 
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drawing which illustrates a preferred embodi 
ment of the invention, 

in the drawing: 
Fig. 1 is a longitudinal vertical section of the 

rear portion of an aircraft provided with a sys 
tem of jet propulsion illustrating the preferred 
embodiment of my invention under operating 
conditions when additional fuel is burned in the 
high pressure region; and 

Fig. 2 is a similar view showing the position 
of the parts for operation without the burning 
of fuel in the high pressure region. 

Referring now to the drawing, O is an outer 
shell, suitably reinforced to carry any design 
loads and is the rear portion of the fuselage of 
the jet propelled body. A combustion chamber 
f f is provided within a cylinder 2 which can be 
constructed of a relatively lightweight material. 
Cylinder 2 is spaced from the outer shell O so 
as to leave a duct 3 through which unburned 
air from the compressor (not shown) may be 
passed. 
The function of the combustion chamber f is 

to raise the temperature of the compressed air 
advancing from the compressor, which may be 
accomplished by burning any suitable fuel there 
in. By increasing the air temperature, the equiv 
alent of an additional drive or compression is 
obtained, the pressure of the air however, re 
maining the same and the outlet velocity of the 
gas being increased. Thus the interposition of 
the combustion chamber if between the com 
pressor and the exhaust nozzle is practically 
equivalent to the interposition of a number of 
extra compressors, but with an advantage over 
the compressors in that the increase in gas veloc 
ity is obtained by absorption of thermal energy. 
Any suitable burner may be utilized in the 

chamber ft. For purposes of illustration, a spray 
burner f4 having a converging-diverging conduit 
may be utilized, the contracted or aspirating sec 
tion being fitted with small feed holes 5. The 
liquid fuel from a supply pipe 6 is thus sucked 
in, carried along and sprayed in the diverging 
Conduit, and then combines with the gaseous 
maSS Surrounding the burner. In starting, elec 
tric ignition may be utilized. 
The combustion chamber if is followed by the 

exhaust nozzle, the free area of which is made 
adjustable in accordance with my invention. The 
rear end of the outer, shell fo which is tapered, 
terminates in an opening having a diameter d, 
and adapted to slide within this opening there 
is provided an adjustable shell having an 

55 opening of diameter d' which overlaps the com 



3. 
bustion cylinder 2. The shell T is adapted to 
be moved longitudinally and this may be accom 
plished by providing one or more rack gears 18 
secured to the outer surface of the shell which 
meshes with a pinion gear 9, rotation of the 
latter being controlled by the pilot. 
Thus by moving the shell 7 fore and aft, the 

area of the exhaust nozzle may be adjusted be 
tween a design maximum (shown in Fig. 1) and 
a design minimum (shown in Fig.2). 
The dimensions of the variable exhaust nozzle 

to accommodate a desired range of operation 
can be estinated as follows: It will be assumed, 
for severity, that the mass flow and the pressure 
drop out of the combined nozzle are to be held 
constant for the two limiting conditions of oper 
ation which are (1) no burning in the combustion 
chamber 1, and (2) a maximum rate of burn 
ing therein. 

1- To ). Sa T. n. 

Then 

S. n. 1:) - T 

(S)-(E) 
is the cross-sectional area of the annulus be 
tween the end of the shell 7 and the end of the 
outer shell to and S. m. or 

() 
is the cross-sectional area at the end of shell 7 
(for the condition of the burning of fuel at the 

where Sa or 

maximum rate as in Fig. 1); Ta and Tv. m. are 
the respective estimated average absolute tem 
peratures for the same condition; and To is the 
absolute temperature for no burning. 
In conclusion, I wish it to be understood that 

the foregoing description and drawing are but 
representative only of one embodiment of the 
invention and that modifications will occur to 
those skilled in the art without departing from 
the Spirit and scope of the invention as defined 
in the appended claims. 
The invention described herein may be man 
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4. 
ufactured and used by or for the Government 
of the United States of America for govern 
mental purposes without the payment of any 
royalties thereon or therefor. 
Having thus fully described my invention, I 

claim: 
1. A jet propulsion unit comprising, an outer 

cylinder-like shell for admitting and directing 
the flow of gaseous fluid therethrough, the ex 
haust end of said shell being tapered, a cylin 
drical shell forming a combustion chamber dis 
posed within said outer shell and arranged con 
centrically therewith, said combustion chamber 
being open at both ends, an inner shell having 
a cylindrical portion and a tapered portion, said 
cylindrical portion being fitted upon the exhaust 
end of said combustion chamber shell with said 
tapered portion extending rearwardly for cooper 
ation with the tapered portion of Said outer shell 
to thereby constitute a variable area exhaust 
nozzle, and means for adjusting said inner shell 
axially to thereby vary the discharge area of 
said nozzle. 

2. A jet propulsion unit comprising, an outer 
cylinder-like shell for admitting and directing 
the flow of gaseous fluid therethrough, the ex 
haust end of said shell being tapered, a cylin 
drical shell forming a combustion chamber dis 
posed within said outer shell and arranged con 
centrially therewith, said combustion chamber 
being open at both ends, an inner shell having a 
cylindrical portion the outer diameter of which 
exceeds the diameter of the exhaust opening of 
said outer shell and a tapered portion, said cylin 
drical portion being fitted on said combustion 
chamber shell with the tapered portion extending 
rearwardly for cooperation with the tapered por 
tion on the outer shell to thereby constitute a 
variable area nozzle, and means for adjusting 
Saidinner shell axially of said combustion cham 
ber whereby the area of said nozzle may be varied 
between a maximum in which the nozzle area is 
substantially equal to the area of the opening at 
the exhaust end of said outer shell and a mini 
mum in which the nozzle area is substantially 
equal to the area of the opening at the exhaust 
end of said inner shell. 

AIBERT SEERMAN. 


